Previously, we found that mouse TH2.52 cells possess the characteristic of CD5 + B1 cells and proliferate in response to lipopolysaccharide (LPS). The effect of LPS on cytokine production by TH2.52 B1 cells was studied. TH2.52 cells constitutively produced a small amount of tumor necrosis factor (TNF)-α and interleukin (IL)-6, and TNF-α and IL-6 production was markedly enhanced by LPS stimulation. Although interferon (IFN)-γ caused the production of various cytokines, such as IL-2, IL-4, IL-6 and TNF-α in TH2.52 cells, LPS did not cause the production of such cytokines. LPS did not induce IFN-β production in TH2.52 cells and TH2.52 cells lacked the expression of several molecules participating in the MyD88-independent pathway in LPS signaling. Defective responsiveness of TH2.52 B1 cells to LPS in cytokine production might be responsible for the failure of IFN-β production due to the lack of molecules participating in the MyD88independent pathway.
INTRODUCTION
A subset of B cells that express low levels of CD5 antigen is called CD5 + B cells or B1 cells. 1, 2 In contrast to conventional B cells, mature B1 cells characteristically possess a selfreplenishing capacity. Although B1 cells constitute only a few percentage of the total peripheral B cells, about one-half of the serum IgM and IgA, and a significant amount of IgG, are derived from B1 cells. The broad antigen specificity of the B1 antibodies suggests that B1 cells constitute a primitive immune system. Further, several reports show a close relationship between B1 cells and macrophages. 3, 4 The mouse TH2.52 B cell line is one of the hybridoma cell lines derived by fusing mouse splenic B cells and the mouse M12.4.1 B lymphoma. 5, 6 The stimulation of TH2.52 cells with LPS results in differentiation into IgM-secreting cells and secretion of cytokines. 7 Recently, we have found that TH2.52 cells possess the typical phenotype of B1 cells including the CD5 marker. 8, 9 Further, TH2.52 B cells express membranebound CD14 and Toll-like receptor 4 (TLR-4) that plays a critical role in lipopolysaccharide (LPS) recognition and LPS augments DNA synthesis in TH2.52 cells. Moreover, TH2.52 cells become macrophage-like cells with phagocytic function and produce nitric oxide in response to interferon-γ (IFN-γ). 10 It was of interest to clarify the activation of cellular functions of B1 cells in response to LPS. In this study, we characterized the cytokine production of TH2.52 cells in response to LPS. Here, we report the defective responsiveness of TH2.52 B1 cells to LPS in cytokine production.
MATERIALS AND METHODS

Reagents
LPS from Escherichia coli O55:B5 and polymyxin B were purchased from Sigma Chemical Co. (St Louis, MO, USA). IFN-γ was obtained from PeproTech EC (London, UK). SB202190, an inhibitor of p38 mitogenactivated protein (MAP) kinase, PD98059, an inhibitor of extracellular signal regulated kinase 1/2 (ERK1/2), caffeic acid phenethyl ester (CAPE) and curcumin, inhibitors of nuclear factor (NF)-κB were purchased from Calbiochem (La Jolla, CA, USA). Antibodies to interferon regulatory factor-3 (IRF-3) and the myeloid differentiation protein MyD88 were from Santa Cruz (California, USA).
Cell lines and cell culture
TH2.52 cells were a kind gift from T. Hamano (Hyogo College of Medicine, Japan). TH2.52 cells, produced by the fusion of a M12.4.1 lymphoma of BALB/c mouse origin with normal splenic B lymphocytes from C57BL/6 mice, 5, 6 express a series of B1 markers including CD5, CD11b, B220, F4/80 and CD14. 11 The RAW 264.7 macrophage cells were obtained from the Riken Cell Bank (Tsukuba, Japan). The cell lines were cultured in RPMI 1640 supplemented with antibiotics and 5% fetal bovine serum (HyClone, Logan, UT, USA) at 37°C with 5% CO 2 .
Measurement of cytokines
The supernatant from the culture of TH2.52 cells and RAW 264.7 cells after various treatments was used to determine interleukin (IL)-1β, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12, interferon (IFN)-γ, tumor necrosis factor (TNF)-α, and granulocyte macrophage-colony stimulating factor (GM-CSF) by mouse cytokine measurement kits using the Luminex-100 microsphere system (Hitachi Software, Yokohama, Japan) according to the manufacturer's instructions. 12 The concentrations of TNF-α and IL-6 in the culture supernatants were also determined with enzyme-linked immunosorbent assay (ELISA) kits (Biosource International, Camarillo, CA, USA) according to the manufacturer's instructions. The mean of three supernatant concentrations dishes with SD was determined.
Reverse transcriptase-polymerase chain reaction (RT-PCR)
The total RNA from TH2.52 cells cultured in 60-mm dishes was isolated with the RNeasy mini kit (QIAGEN, Inc., Valencia, CA, USA) as specified by the manufacturer. Semi-quantitative RT-PCR was performed using the Access Quick single tube RT-PCR system (Promega, Madison, WI, USA). The primer sequences for TNF, IL-6, IFN-β and iNOS (inducible isoform of NO synthase) were reported in our previous study. 13 RT-PCR was performed as described previously. 13 The PCR products were visualized using ethidium bromide staining after separation in 2% agarose gels. The primers for Toll/IL-1 receptor domaincontaining adaptor inducing IFN-β (TRIF) and TRIFrelated adaptor molecule (TRAM) were also made based on previous studies. 14 
Immunoblotting
The immunoblotting method was described previously. 15 Briefly, TH2.52 cells were cultured with IFN-γ and/or LPS and lysed with a lysis buffer for 30 min at 4°C. The cell lysates were diluted with an equal volume of 2x sample buffer and boiled for 5 min. Samples were separated under reducing conditions by electrophoresis using a 4-12% gradient polyacrylamide gel. The separated proteins were transferred to a membrane by electroblot. The membranes were treated with various appropriately diluted antibodies. The resulting immune complexes were treated with a 1:1000 dilution of peroxidase-conjugated goat IgG against the rabbit IgG F(ab′)2 (Cappel, West Chester, PA, USA). Finally, the immune complex on the blots was detected using the SuperSignal West Dura system (Pierce, Rockford, IL, USA) and visualized with a Light Capture system (ATTO Corp., Tokyo, Japan). A prestained protein ladder marker from Gibco BRL was used as the reference of molecular weight standards.
RESULTS
Difference in the profile of cytokine production between TH2.52 B1 cells and RAW 264.7 macrophage cells in response to LPS
Based on the finding that TH2.52 B1 cells possess both characters of B cells and macrophages, 10 we compared the profile of cytokine production between TH2.52 B1 cells and RAW 264.7 macrophage cells in response to LPS (Table 1) . 
TH2.52 cells and RAW264.7 cells were cultured with LPS (1 µg/ml) for 24 h. LPS induced the production of only TNF-α and IL-6 in TH2.52 cells whereas it induced the production of various cytokines, such as IL-1β, IL-6, IL-10, IL-12, TNF-α, and GM-CSF in RAW 264.7 cells. Moreover, TH2.52 cells produced lower levels of IL-6 and TNF-α in response to LPS than RAW264.7 cells.
Difference in the profile of cytokine production in TH2.52 cells stimulated with LPS and/or IFN-γ
In the preceding section, TH2.52 cells were found to produce only TNF-α and IL-6 in response to LPS. In order to examine whether TH2.52 cells can produce other cytokines besides TNF-α and IL-6, the cytokine profile was studied in TH2.52 cells stimulated with IFNγ and/or LPS ( Table 2 ). TH2.52 cells were cultured with LPS (1 µg/ml) and/or IFN-γ (100 ng/ml) for 24 h. TH2.52 cells produced IL-2, IL-4, IFN-γ, TNF-α and IL-6 in response to IFN-γ, although LPS induced only IL-6 and TNF-α in those cells. There was no significant difference in the TNF-α production between the LPS and IFN-γ treatments; however, LPS induced a smaller amount of IL-6 than IFN-γ. TH2.52 cells stimulated with the combination of LPS and IFN-γ produced higher levels of TNF-α and IL-6 than those treated with LPS or IFN-γ alone.
Kinetics of TNF-α and IL-6 production in TH2.52 cells stimulated with LPS and/or IFN-γ
TNF-α and IL-6 were produced in TH2.52 cells stimulated with either LPS or IFN-γ. In order to study the difference in TNF-α and IL-6 production between LPS and IFN-γ, the time course of TNF-α production was followed in TH2.52 cells stimulated with LPS and/or IFN-γ.
TH2.52 cells were cultured with LPS (1 µg/ml) and/or IFN-γ (100 ng/ml) and the concentration of TNF-α was determined at 1, 3, 7, 17 and 24 h after treatment. A typical result is shown in Figure 1A . No significant increase in the amount of TNF-α was detected up to 3 h after any treatment. Significant increase of TNF-α was definitely seen at 7 h in TH2.52 cells stimulated with LPS alone or the mixture of LPS and IFN-γ. There was no marked difference in the concentration of TNF-α production at 7 h between the two groups. The level of TNF-α 7 h after LPS treatment did not change markedly thereafter. A mixture of LPS and IFN-γ further increased TNF-α production up to 17 h and the high level continued to 24 h. IFN-γ alone did not increase TNF-α production by 7 h but gradually increased it from 7 h to 24 h. In addition, the time course of IL-6 production was roughly similar to that of TNF-α production (Fig. 1B) . However, as with TNF-α production, LPS alone did not significantly increase IL-6 production. Incidentally, we found that a small amount of TNF-α was constitutively produced in TH2.52 cells in the absence of LPS. In order to exclude the possibility that continuous TNF-α production was due to LPS contamination in the culture medium, we studied the inhibitory Table 2 . LPS and/or IFN-γ induced cytokine production in TH2.52 cells
++, at least twice that in the previous column action of polymyxin B on TNF-α production (Fig. 2) . Addition of polymyxin B did not reduce the constitutive production of TNF-α, excluding the participation of contaminating LPS. However, polymyxin B clearly inhibited LPS-induced augmentation of TNF-α production.
Detection of TNF-α and IL-6 mRNAs in TH2.52 cells stimulated with LPS and/or IFN-γ
The expression of TNF-α and IL-6 mRNAs in TH2.52 cells stimulated with LPS and/or IFN-γ was examined using RT-PCR ( Fig. 3 ). TH2.52 cells were cultured with LPS (1 µg/ml) and/or IFN-γ (100 ng/ml) for 3 h. The mRNAs of TNF-α and IL-6 were detected in untreated TH2.52 cells. The stimulation with LPS or IFN-γ definitely augmented the expression of both mRNAs which correlated with the level of TNF-α and IL-6 proteins. In addition, the expression of iNOS mRNA was not detected in untreated or LPS-stimulated TH2.52 cells whereas IFN-γ induced the expression of iNOS mRNA.
Failure of IFN-β production in LPS-stimulated TH2.52 cells
TH2.52 cells did not fully respond to LPS in cytokine production, compared with IFN-γ. Based on the fact that LPS is reported to activate the cellular functions of macrophages through the production of IFN-β, 16, 17 we studied whether LPS induced the production of IFN-β in TH2.52 cells or not. TH2.52 cells were cultured with LPS (1 µg/ml) for 30 min and the IFN-β mRNA was analyzed by RT-PCR. LPS did not lead to the expression of IFN-β mRNA in TH2.52 cells, although LPS definitely did so in RAW 264.7 cells (Fig. 4) .
Lack of molecules participating in LPS-induced IFN-β production in TH2.52 cells
We studied the expression of a series of signal molecules related to LPS-induced IFN-β production in TH2.52 cells. LPS signaling is composed of MyD88-dependent and -independent pathways and LPS-induced IFN-β production is mediated by a MyD88-independent pathway that consists of TRIF, TRAM and interferon regulatory factor-3 (IRF-3). We examined the expression of TRIF and TRAM in TH2.52 B1 cells and RAW 264. that TRIF and TRAM mRNAs were not detected in TH2.52 cells whereas they were expressed in RAW 264.7 cells (Fig. 5A) . The immunoblotting analysis demonstrated that IRF-3 and MyD88 were expressed in both TH2.52 cells and RAW 264.7 cells (Fig. 5B ).
Effect of various signal inhibitors on TNF-α production in LPS-stimulated TH2.52 cells
The effect of a series of signal inhibitors on LPS-induced TNF-α production was examined ( Fig. 6 ). TH2.52 cells were treated with appropriate concentrations of signal inhibitors and then cultured with LPS (1 µg/ml) for 7 h. The production of TNF-α was determined using ELISA. LPSinduced TNF-α production was inhibited by SB202190, a specific p38 inhibitor. Moreover, PD98059, an Erk1/2 inhibitor, and, CAPE and curcumin, NF-κB inhibitors, also inhibited LPS-induced TNF-α production but their inhibitory effects were less marked compared to SB202190. The constitutive production of TNF-α in untreated TH2.52 cells was exclusively abolished by SB202190. NF-κB and MAP kinase pathways were suggested to be active in TH2.52 cells in response to LPS.
DISCUSSION
In this study, we have demonstrated that LPS augments the production of TNF-α and IL-6 in TH2.52 B1 cells through enhanced expression of their respective mRNAs.
Based on the finding that TH2.52 cells constitutively produce TNF-α and IL-6 under unstimulated condition, LPS just amplifies the output of TNF-α and IL-6, and does not cause gene expression of new cytokines in B1 cells. On the other hand, IFN-γ augments the production of TNF-α and IL-6 and further triggers the production of new effectors, such as IL-2, IL-4 and NO. Therefore, the action of LPS on B1 cells is characterized by quantitative augmentation whereas the action of IFN-γ is accompanied by qualitative alteration. Thus, the responsiveness of B1 cells to LPS is suggested to be limited and defective in cytokine response and is different from their response to IFN-γ. What would cause the difference in LPS responsiveness between B1 and macrophages? LPS is known to activate some cellular functions of macrophages through production of IFN-β. IFN-β mRNA was detected in RAW 264.7 cells, but not in TH2.52 cells in response to LPS. The inability to produce new effectors in LPSstimulated TH2.52 cells might be due to the failure of IFN-β production. In fact, the stimulation of exogenous IFN-β together with LPS resulted in production of NO, as with IFN-γ (data not shown). It was of particular interest that TH2.52 B1 cells do not express TRIF and TRAM required for the production of IFN-β. TRIF and TRAM play pivotal roles in the MyD88-independent pathway, which mediates LPS-induced IFN-β production. This might be the reason why B1 cells, unlike macrophages, could not produce new cytokines in response to LPS. This idea is supported by our recent finding that the production of TNF-α and IL-6 is not significantly dependent on IFN-β production. 13 The kinetic analysis of LPS-induced TNF-α production in B1 cells demonstrates that B1 cells take a relatively long time (7 h) for TNF-α production although it is produced in macrophages after 1-2 h of LPS stimulation. The delayed expression of cellular function might be another characteristic in the LPS response of B1 cells. However, LPS causes the production of TNF-α and IL-6 in TH2.52 cells faster than IFN-γ. LPS and IFN-γ mainly utilize the signal pathway with NF-κB and MAP kinases and JAK/STAT, respectively, for their production. It is still unclear how LPS triggers the production of the cytokines faster than IFN-γ. The combination of LPS and IFN-γ does not exhibit a synergistic action on cytokine production but they exhibit an additive action on the quantity. This suggests that the LPS-triggered NF-κB and MAP kinases signaling and IFN-γ-triggered JAK/STAT signaling seem to have no cross-talk and that they work independently in B1 cells.
TH2.52 B1 cells possess several macrophage-related markers and become macrophage-like cells with phagocytic function under stimulation with IFN-γ. 11 However, B1 cells did not behave as macrophages in response to LPS but rather mimicked B2 cells, the conventional B cells, in cytokine production in response to LPS. Therefore, B1 cells do not have the bifunctionality of B cells and macrophages, but they have the potential to differentiate to either B cells or macrophages in certain conditions. Collectively, B1 cells are possibly act as B cells in response to LPS and as macrophages in response to IFN-γ. This might be related to the role of B1 cells in Th1 and Th2 immunity, respectively.
